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Abbreviations 

40aM a fliSiniegnn and mctallopmietnA:*^ ijomain 

Ape ^(1criom<aaus polyposis ccafi 

ApoE ^palipaprotein £ 

ECU eiraccllytar matru 

LLC Ldwifi lung coti carcmonu 

MMP rrMtn« moia;lopratetn W 

PCiiC phospho<]iyC0ro| kinase 

JIMP tisswe .nhifctior or moi*J)opfQieinaso6 

TNF iwrnpr rtccrasrs lacior o 

t-pA [isruc-type plasminogen acv^ators 

Introduction 

"Macrij; rnttaUoproicnascs (MMPs) compfUe d fimiU of 
cxtntcllulMr mattjx Ocgr^dins enzymes (T^bic I) that 
3rc hcUc^'cd CO piay pi\T*ul rolcs in embryonic develop- 
ment and ^fowdt US vvcll d> i;x usi\.\c rcmodcUng and 
repair, Excessive qt inappropfiaCe c^pre^^ion of MM?S 
n-»uy .Tuniribucc to ihc piihogcivesiS of mauy usiuc- 
destruccivc processes, inducimtt highly prcv'.iicnc 
vU^coca iuuh as afthnus, mulpplc sclczn.si.s, and cQoin 
decay, is well a^ die Icadiiig cumsc^ of Ucath in wlcvcj- 
opcd councficv cardiovascular disease C;ithcr«S(,lcf03i3 
pl^iquc rupture ^nd ancury&m forma don), cumor jjro^fcs- 
sion. arv4 chionic obstruciivc puJmon-jiy dUcasc'. A 
scacc.ncnt .'(uch chis u uau^Uy foun4 at fhc bcgi.ining 
ui MMP-rcUicd papers of coi.r^c? granT vippl'icu- 

tiOc\^ — siinply insert t.|i>eiisc of intcrcsfcj wricccr: by 
Chose of H ith 3 'mccalioccnmc' v*cw of the world [I'l. 
liyc jocljjincnt day is approaching. With chc advent of 
targeted mucagcncsis, one can perform concrolUd exper- 
iment »n Mammals CC cesc th«e hypotheses. Moreover 
because these imporianc diseases cun potcnclaliy be 
ainibucablc to the aciioo of XI MPs, effective ^vnthctic 
MMP inhic>uo»s are being dc<.«iovicd ^nJ are rnpidly 
appiDacliir\;a climcsl frmls (1",2]. 



Tar0»t^ mutaaenesis of MMPs 

Over the past oouplc oi'ypaTs, Pfiany uf chc M.M?i have 
ondefKone ^jenf-twgcting cj^pcrirncncs (Table 2), The 
pQwci of gene t^trgcong «s Des( summarised by Pi*ge», 
who stated, "one invariable Jcsson of biological research 
has been Phc difOeuky, virtanj impo^^ibiliry, of rc|lib|v 
predicting the propcmcs of inuct organlsrns from the 
properties of cbcir cnn*ciu»ent cissucs, ccUi ^nJ mole- 
cules. Thos, hypotheses need to be couCrmcd in. incacc, 
complex hiolofiic^l org^nismi^ not projtaryorci or lower 
eokflxyotcs, bur mammals [3J. ' One musc, of course, fee- 
ogni?e the iimii'rttiQnji of thcac experimcnis. Pust, loss of 
a protein from the blasiocysc stage onward might alcei 
complex OiolygicaJ proce;*sc3, Icadin;;; to »*-hac i.s com- 
monly referred CO as compensation. Seconds because or 
gene redundantry. mutation of a gene may not unmasK 
che cr\je biolu^ical functitjn of tnc protcm ic cncodcw 
Third, mice arc noi hamans; hence, direct cransbcion of 
results CO hvmnn biology require* knowledge of biologi- 
cal similarities and differences bcc-'ccn these 
Spccici [4]. 

When liitctpretini: el-itu fr^m ^enc -targeting cxperj- 
agents oiic muse aisc be aware of pf^cenuyl scr^.n 
differencci snd chc pQjjibiliry of "neighborhood kfiocjc- 
oui' crt'cL-rs. ThiS term refers to inl\ihlred cxpre^ijon ox 
2;encs phyiicJilly linked to the rafgci: gene, and »s proba- 
bly relaied to the retention of the phosphog^lyccroi 
kinase (.PCK.) promoter used to duvc sc|*;ctiblc markers 
[5] Thi^ is .1 pertmtnc concern because several MMf 
-cnca (coilagqnasps, stromejysius. m^triiyiin. -tn<4 
macropliigc c|»5i:;«-e) arc tlo>cly UnK^d ui\ hum^n chro- 
mosome llq22 and mouse chromosonic 9. Wich citc>c 
ca^cat^ t*\ mind, wnsi. hdve MMP-mutsnt mice cold us 
■^Baut the biological conscqacHCCS of MMP-mcttiaic J 
ciiLraccIluUr m--itru (l^CMJ clcxfid:icior' 

Physiological processes 

iMMl^^, Msuallv unOctccwble in cells uuOci norm4l c^- 
cum^Canccs, arc prommemlv cxpresticd durinja: a variety ot 
biolojticul prwccsse^, iueh as rcproductiOP- On cl»e mater- 
nal s^de. MMP qxprcssion is s^ssoctsited with menstruation 
ov-macion, vtcofio-e unpUncaqon, parcuntion, and postpar- 
tum uterine anrf mam.mary gland involution [6], From tUc 
aff-iprings pcrspccti^'c, MMPs iirc bcUcved to be rcf^uued 
for trophooijic impUntacion, embryonic gro^vrh. and ui$uc 
morphogenesis. Yet, none of tnc in^^widtial MMP-mutant 
mice generated ;q date h^^^c had an embryonic letKal phc- 
norypc. Mice deficient in geUt^na^c B (MMP-9-'~) 
dcmonstritc morphologic abnormal itic!> at the site uf 
implantation, but these defects afc not |cclv4i. All MMt'- 
detkienr mice to date ate capable of delivering -^nd 
nurtufins healthy pupi. 
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MMP 



MMP-1 
MMP-B 

MMP-ia 
SDpmoly&ins 

MMP-7 
MMP-1 2 

MMP-a 
MMP-9 



lli;>lMr/-ll): Vni.X 
|>|[|>I.. I? VII, X) 
||>I.III.GL{?VH,1Q 
lelopupfidasr 



GL. I. vu. X, XI 



QaEoment 
membrane 



+/-FN. LN, EN. PG 
r/-FN,WN, EN, PG 
FN. IW. EN. pe 



FN, UN. EN. PG. PS coJ rV 
FN. LN. EN, PG; -t/- PS eo) (V 



FN. I-N. EN, PG 
FN, LN. EN. PG, PSmuIV 



col iV/V. FN. UN, EN. PG. P5 
CDl |VA^. FN. UN. 6N. PG. PS 



-rf- 



bMP47rate for collagcnascs 



EGF-tpKc gr^n factor and 

SMbsir9.[f:« lor STrtamelysms 

Sxromaly&ifl'Iite snzymaa ane most 
pqcent 'M con«er[ing pl^^sfninogen 
la anf]po9t&tin opa d»gr&ding at 



Fbnn--reeognition Sites 

MMP-n» 
MCTTi^ne type 
MMP-1 45 
MMP-lS 
MmP-iQ 
MMP-17 

Nowiy des<3rlbe4 
Enamolsin 



tf- I > 111. tl 



GL {snmhagamn} 



FN. LN. EN, PG 
FN. US. EN. PG 



"Noia tn»^ M( is inherantly incomptatu, rcproscnting only sdqcWd 
fiubsvaxtf^ i^^lLti TO date. Thn^ substrates guid« poientiaJ bloloQicat 
Tbftciions. Out xhe aciual m vtro swbsUa'.es are unknoirfn. "'MMp-l 0 fwfl 
ihe safnc sobsvaie spocfttcldes :»e mmP-3 but ic less potani *rtem-an 



fecomomaoT pfQfpn -tfau (eaied. a, AT. n, anirUypinn. EN. cntaci n: 
FN. hbronsctm- Gl- gelatin. co|iV^, types and v cciiagenj, uN, 
lamin'm: F^, proTQoglyc^n. PS col IV, pcpsimscd lypc |V gpKcgcn. 



Post-natal development 

The m-ijor Jcfctt in N!MP-9-/--(^cr.Cicni: mice ts cfciaycd 
Ion- IjoAc o;o^-i:h ind dcvclopmcrit [?']. Lon:; bones 
cScvclpp ffop-^ mesenchymal condcnsncions wUcfc carti- 
U^c ceils dirrerotnciaic und dcposic i carcvUgc matrix, 
plood vessel^ uivade and dcgr^^U^ rhc tarrilasc m*Cf<^i 
and cafcilagc cclU undcrsQ jpoproiii rwllosced by prolif- 
eration of osteoblasts and caJochondnl osiifit:*uun, 
winch conwcris the usa-.ic mco naacurc bone In M-\(?-9-'- 
ITHCC. there i*i delav.=d vascular invasion ot >kclcral 
^rowch places. tcsulcm>( m an c.Ttce>*sivcJv wide zone of 
h^peruopliic C3*Til?^e :^nd delayed si fie an on MMP-9 iS 
required CO ini5i;ite primary ingtogcncsis »n die cartiUgc 
gfowcn plucc, proUi(»iv chrou^^h generation of an angio- 
genic sicnal (ot perhaps degndaiion of an anciogcncsU 
mhifeicof). lnrcrc>tjn:;iv, wUc mechanism of this phcno- 
rypc may not involve dcgci^dation of a sttuctura! or 
iiJhcsivc matrix protcm. 

WiJiU Hii5 piicnocypc is msiKcd during growch, if one 
\^crc n^crcjy ro study adults 9 10% ^barten*ng in the 
lonp bones \vould he apprctiaced- 'Vh»s iS not meant to 
diminish the imporxjncc of chi:* fmdins Uuc, raUver, it 

eiopUislzcs s:h:»t wnCil u-^ferul nnJ)V"iff'» of all MMP"'~micc 



arc performed coociusioni regarding the rule uf intlivid- 
Lul MMPi in 5Ta\yr^ -.md 4c^ clopmi^nc ^rc prcm.-^curc- 
Ttvc overall mimmai phcnutypc^i observed ro Oaie mav be 
due cu redundancy, safe^jU'Afding tJia Ko5t from untoward 
consequences of individual MMP mucacion^. Ccner^Cion 
of doLibiy and mulnply M.MJr* deficient mice msy be 
feqmrcd to unmaili full MVtP function. Altcrnactvcly, 
\(N)Ps uiuy not be needed for grossly normal :irvclop- 
mcnc and ^row^n m tnc mtujic. 

MMP'9 Nfrus dcmonatrrvced in fhc mcscucUvmc ofcmbrv- 
onic kidneys, and brancbioj murpho^cnesi^ 01 m^ccccic 
budi jpccifiCLiUy kiluclted m mcianephrit organ cul- 
ture by ^ntijcra to MiV;P-9 but not by IgC antibodies to 
M\JP-2 No abnormalities wcfc fuund upun -intilysis 
of nconi^cal and aChU mice by h^ht 

micro:icupy or Immiinonuorcsccncc lor basement mem- 
brane protoins. however, and renal functaon \q aduU 
mice wa.5 normal 19]. Ir n nor elear whccKer chc discrep- 
ankTiu-s bcfwccu u^c^c itqd»ca rcsMlt from difference* in 
study design, vi^o versus //i zjirro snidit^s. or u/hccbct 
anybody ex.perimcnt> ovcntstin^acc cnc conicqueaccs of 
gene mactjvation whilt gene knockout cxpenmcnii 
undcrcdtimacc ihpm. 
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HicnoOT^ of MMP-«fiOe"» ^n<» nlwtca null muTPn^ mice. 



Rcsyll 



MMf^ deficient 
STromeiy^'"'! (MMP-3) 

SiromrTysA 3 (MMP-1 1 J 
Macrophage otoetoa* 

ftelatad null fnotants 
TlMP-1 



l49l 

UnaiiCTca sc;creiian pf p-»'7»ylorf1 prcc-rsor proiem y j 

Reduced angipqiincsis and iwinor progr»wipn ^^^^ 

Nq affect pn colldgcrrlnduced aminM ^g^.j 
Deoeascd lotealiftal iMmofigenesis 

impaired pfwn3«> anflflgpncais m bone growth p(aie» j^^, ^ 

Beaisrant to bullous peirphpgoi^ j23"l 

WQS, ot TlMP-1 m 5r«8f<.(m=d cell lin« c»n cwer t»wnl(«e or .hpprea- iniquenc, ,««,or in-as-en 
Muted decmal (ibres^s 



12pI 
1511 



Pathological processes 
cardiovascular disease 

Afbcrgsclcrasis is a chronic inflamrT>a?ory proe^:, ^hereby 
pjaqucs arc formed in ihc ioftmal Uycr of the vessel w&U 
t result of gccumularion of ECM, smooch musck cells, and 
Upld-Udcn mwoph:tgcs- In humans, coionary ^cicry 
pUHwcs may biscorpc ui^rabU and njpcur«=, :n;;2crM>g 
ijiWOvaacuUr throinbusi> Icsdins w myoc^idiixl infarcuorw 
The achcrftsclcfotic vessel wall may aUo dilate a* ^ fcs.ilt 
of (icsmjction of the medial clasric Uwifu. Ic3dmg w 
ancmysm form^mn arid rupPiTc or the weakened vessel 
v/oU. Rccetiriy, pia^TDinugcn atiJv;,.or> and several MMPs 
hive been delected in assocWiinn W>rh huffon athcrustlc- 
rotlc arteries [10] and abdorrun^il ^onic imcurysriii [ill 

Mice with a lAfscccci diM-n;'uoii of the apoiipoproic^n 
(ApoE) scnc have i dclx>cd Ocji^mcc of l.p'?rf^^<=^"* 
Che blood. When .trice are fed i Wcsrcrn diet ^ctom Cho- 
lesterol leveli reach HOU^SOOO infi/cll. a.id f3Cf:v strci^K* 
progrc^-^inp co fbrous pUqucs develop at Dr>f\cn puir^cs of 
major vessels. Th= form:iClw.n of these le5ioT.> is associated 
mih m..cropha-e rccrukmc.TC causing disrupcun of rhc 
mcd'.al clastic Umina u»a uiicro-jHCwifVMTi fnrmanon. 
Complex lesions with plaque ^"upturc ;ind hemorrhaj-c 
hivc >ct ro be obscprcd for any model of ;ichcro,clcrosLS m 
the mou*c (for :i review sec [l2]) 

To ♦nvcsiisw r^e r,,lc of pU«MiuoS«='^ acc.varois Uissuc- 
typc plasminogen act*v:tiorS and urtjk.na^e-t^'pc 

pU^ruinOseri aetivato.s [u-PAJ), Ca^mclot and eolk-S^.ca 
(J 3-1 crossed Apot:-^ mice -^ith u-PA-^ or c-PA^- m.cc. 
ApoE-'- ^ u-Pa-'- mice, but not ApoE"^ «r ApoE-'- x 
PA"'- mice, were protected from macrophaec-mcdiaccd 
dc»CTuc¥ion of medial elastic Umina and injcroancMry>m 
formation. Macrophages hncd up ^ilong chsuc lti«nina but 
chcy did T»ot penetrate or disrupt fhcsc matrix ;.rrMciur<=^- 
(iecausc ti\c ability of mzicropiugcs tu dcj^de and migrate 



throufih eUssln is more likely dwc co macrophcisc cl vii^sc 
(MMP-12) [14J than to nqn-d-j^toly"-' pla>min. these find- 
ings suggest cliatplaamin may activate MMP pru-e[vtymc^. 
an old hypoih«»s oot previously demoTistrarccl i»/ -.n^w 
Indeed, in the absence of u-Pa, macrophages were un tblc 
to convert maqroph-igc pro-MMPs (.\fMP-^>. MMP-9. 
MMP-12, and \JMP-l3) into rhcir active furms in % rccun- 
siituicd system tl3"l. 

In conaaat, in the human siromelysln-l ^MMP-3) prgmoi- 
er. a genetic polymorphism *hich causes ihrnmishcd 
stromelysin-l expression ii Js'soc'.ated with enhanced pro- 
gre^Lon of athcroscleros"*!; Tos^chcr chcsc and other 
scud.es suggest that MMPs inici4ll> maintain p.ucr.cy oi 
rhc :,thero>c|crotic vascular lumen ac the rjsk of ;L)bsc- 
mucnt pUqme mpturo 

Cancer 

MMPi arc believed promote Cyinor pfos^^ss.oo by miti- 
atins cdfcino^cnesis, enhancing tumor Qngi^£cn=:ii3. 
dwrupnng local ^Sivc architecture: to allo%v lunvor -rv»v»ih, 
jnd br*3U»ns do^vn basement mcmDranc c>^rrie:s tur 
mcta:!iai»c sprod [U.l?]. While some MMPs- such 
mairily^iin (NtMP-7) colU&cnasc^S (NJMP-U"i), ^nd ufien 
gclaciiiasc A (MMP-2). '^rc c.\prcbscd by t..rrior. cell:, 
ihcmselvcs. NlMPi afe predominantly produced bv sur- 
rounding hose scrointU ano iunammatory cells m response 
CO factors relcnspJ by tumnn [IV.lfc-) MMP^ may d\cn 
b»nd to CMmur cclb and angiogenic cndorhclial cells, 
advancine tumor progression. For cxan^plc, MMP-2 bmdi 
through its carboxy-ccrminaj doinatn to a^ps insc:;rln on 
mclanunia cclh and anaioscnic blood vessels, cnhancit^g 
tumor growth [19]. Agtoiyrw prqce:<smg of MMP-2 vim 
release of the carbo<y- terminal domain competes \*'iTh cell 
sarfaee binding of the enzyme, inhibitmg du&ioscneso *nd 
tumor growth [20'), Consisrcm wiCh thcac results. WyAP- 
2-^- h(wt mice cathibir impaired primary tumot gfowt[\ and 
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M;twilysin lNfMP-7> expressed by tumor cells derived 
ffom gastinintcstiiul cpiOvcliiim, including (*|ose chat arise 
spoauncoiisly in Tnicc wiih the adenojnawas polypo^.s 
cqI; (aPC) multiple Iflrcscinal ncgptisia mycation APO^*^- 
MMf-?''"* H/*C*''' mice had delayed tumor dcvclgprocnt 
[22-J, Similarly. womclysin-S dcficjcnc (MlVfP-l l"^) mice 
dcmonscrafcd impaired lumot forroacion m response to 
chtrmlcaj muUgcncsU 123*]. These scudi*?:* conf.mi a role 
twr MMP$ in csicino^cncsis. Pq«:nCiaUy, cccop^c expres- 
sion Qi these procciiuiscs <m cQmt>in:i«on ^w;ch another 
muauon) m^iy release cells Uom ECM-mcdwced cell cycle 
mcst. AiccrnQca-cly, proteinases may release growdi or 
aix^iogcncsis faccyrs promouHB tutnori genesis 

While o^ercstpressiorj of tissue inhibitors of mccaUop*o- 
ccinaics CTIMP:»3. either jn transgenic mice or by gene 

crAHsfer ca.i decjcaic cumor pfogrcssivl^ ;n anim:il moClel*: 
12^.25), ii h'rtS been difficult co dcmonsvatc tha; lack uf 
TIMP-l »n tumor or host coo^jsccaCh coFianccs tumor 
growth 126|. Pcrliftps cXprcssioiv of TJMPs 2^ corapcn- 
sacc tor loss TIMP-X cxpreiiion in these mocjcb. 

While MMPs commonly facuicate tumor progression, pro- 
teolytic cleavage products of MMPs may inhibit 
anglogcncsis, Umiung lumor pmgrci>iun. ThK ^'a* f*rst 
;vpparcnc wjcn the isoUcion of aogioscatia f«m the urine of 
TP.'cc ^ich LLC cells 127]. Angioiuiin, a pl^smirtogcn 
cleavage proUyct containing Uringle domains 1-4, mhibits 
cndott»c|i»l cell ptoUfcration «id is bchcvciS Co be respon- 
sible for maincainm« LLC lung mcuswbes in a dofmanc 
icatc [271- 

Gcncnriun of angio^scacin in pnmary LLC sumur>- correUf- 
trri WiLh Che prcacnt-c of m.tcropJvat;c> 4nd macrophasc 
cbiUic t.MMP-l2j [23]. The .niportancc ot MMP-U in 
l;min)Vi lung mctasrasis growth m the LLC mod-1 h-^ 
faccn c'tanfitmcd by use of mice tendered deficient m 
macruplvasc clascayc (MMi'-l^-^-) by %cnc c;trRctins UL 
Gtisolano md islJ SUripiro, unpuUlisUcd dati) PfcUminary 
stiKlici iu^seSL. however- Chat local expression of ,VIMP-12 
in inacjophngc» ^urruvrnding the sccon^lary Iwng rncias- 
iiics Umici s"'^v[h. In part inrou-h gcncfar,un 
^ngiosvicin. Tni^ ctlett may ul^o be iclauca to MMP-2 pro- 
ces>»ni hy MMP-12 or o^t^er mechanism*- 

Siveial other MMPs arc aUo cjipablc of ^ciicruting a»isio- 
st^itm snJ other aiieiansiogenlc fragments pf plasmmPijcn 

lZ9,30i The Knngic 5 flomain ty itself appears to have the 

grcftccif capacity ro inbibn cnUocndial cell proliferation 
1.31] Scunc proteinases, jndndins pU*min, in aisociatiou 
v«iih ail cstracellular rcdwctssc that fcdLicca aiaulddc 
bonds in plasmm, also trigger generation f ansiostacin 
[32", 33]. lo addition to angiOiUtin, othcj proccwiyuc frag- 
mencs rwodi prommcniW endosCAtin Ca 20 kDa 
carbuAV-tcrniiiial fragment of cypc XVIU collagen), effcc- 



qvcly inhibit tumor «n^ioscnciis 134'] la f^ct, irci^cmcnc 
of several Tnmnfs-nnnwpcrwiih tnUuSTsctin -rcsTrircdTrrpro- *"- 
longed tumor dormancy {35*]. 

Thus, pnj«in«c:i may benefit the host or trie lumor 
depending Upon *fpawl expression, proteolytic capaeicy, 
and binding iffmlty for matrist and tumor cdU. 
rsfetfefthcless. hydroxamatcs, w^ich ati= MM? zinc-cheUt- 
ing agcntss are effective La inhibiting growth of se^-eral 
primary cumois and mccastases in a+vma! models [I'i 
ineiudinK LLC [36J. The ability of these compounds co 
innibic growth of ncopjasni* vuggests chat tamors use 
MMP> more effectively than the host; when all xhe MMPs 
are inhibited the host ha;* die advantage. MMP inhiliicion 
combined with anp-a^giflgenic agents, such as an^osmtin. 
endoscacin, or a^'B3 integfin. might prove optimal m clini- 
cal ercatmeiitof particular cwmors. 

PUimon^nr emphysema 

A major component of chrwnic obscrucwvc pwlinoaary a^s- 
c3Se is dcsrraciaon and cnUrgcrncn^ of peripheral 
diripav.e> of Uic Umg. Chronic exposure to cigarette smoke 
exposure leads to inflammatory cell recruitment anJ scd- 
vanon with rclesic uf elastases, in excess of inhibitors. 
ECM degradacio.i coupled wirh abnormal repi>ir results 'n\ 
long dcsrrwccion ch:tr4Cteri»cic of emphysema. The icnnc 
protcmasc neutrophil ciaiiusc i* responsiDle for emphyse- 
ma in paucnts wirh :\ fecnttiw deficiency of its mhibitor 
ai'-nticrypsin. a relatively uncommon fo cm of me disca;*e, 
noWt=vcr. the contribution of neutrophil el«stasc to die 
mure t;ommon emphysema assoc*accd with cgarcar 
smoking in controvcrsiaJ It possible ch»t ^dicr a=o- 
crophil prote»n-.i5QJ ur ervAyuies from die more abundant 
fnac.ophiS<=s cont/ibutc to lung damage ;i:.sociaccd v^ith 
prolonj^eJ c+g-rttccic sn»oUiiig 

Long-term exposure c.f wlld-cypc (MMP-l?-/-^) mice cu 
ci^ircctts >rnc»lce led to mllammatory cell fccruitmcn: fol- 
lowed by al^'eolar space cnUr^cmcnt ^imiUr to ciic 
paitjoloi^ii: deTpcL in humaTis. Mice drficicnr tn 
mactopha^c clasnsc (MMP-U"/-), however ^vcrc pm- 
ccctrd from i.lc«cloj>me^u nf Civphv^ema despite hcivy 
long-teim exposure :Q smoKe. S*jrprisingl>\ MMP-12"'" 
mjcc al*y f:ulct1 CO rccrujc monocytes mco thcu lun^s m 
response to c*gaictcc imofcc [37"]. Because MMP- 12 
most uthcf MMP:^ 4rc only cxpicsscd Lipoo diffcicncia- 
Lion of monocytes lo m^cniphagc:. ir •.ippc4rcii wnliiccly 
that looiTOcytcs require MMP-U for ir.msvH>i;ular migu- 
uon. Mure liKely, cis>»rettc amofcc indwccs constitutive 
macrophages, which arc present m lunjta of MMP-12-'^ 
mice. CO proaucc MNtP-12 that in turn cleaves cUatm. 
thereby scnctaunts frAgments chemoraccic for monocytes 
tJP Pnige and SD Shapirn. unpublished data). Ttiis poM- 
liivc fccdbacV; loop v*oi*|a pcrpctvu^tc mttCropKa^c 
uccumuUtion and lung dcstpiction. The c nccpi chut 
protcolyncaliy gcner:*tc0 elastin frafiinent*! nncdiaCe 
monocyte ciicmotjxi^i Was first *hown more than <« 
decade as" t^^-^^J 
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miflfatton during norma) ^Ch^nd healing. 
E*poawre of KsfAiinocytas cq mi^nitiMi 
ecin«gen in viq prewiconai m^trU leag:. to hiQn 
aftlniiy B.nflin9 (sorrows) of aSPl (niegnn w 
collagen. T>»« m^aa w e«prq«aan o\ fc»MP-1 , 
which riegrafles collagen aw frees tne c«ii 
fnigraie, pemaps uemg oTnar recepiar^ 
iPiTpla*). «2pi bindino m coQ^ecn m The 
rrngrwing frem >m|V the cdl forwarfla (eed.ng 

(b) Epnheliwm-denTd ruinof cell migf^ipn. 
Tufnor«fl« tiigh|!> shaaea) oaprua mmP*£ 
(or in<jMCo airomal cello lo pnxjucd iij. %hiph 

I.ne5). e«pos»ng cf>pT,c frsgmwiTsof laminm 
»nd eQUagon which art only cupased gpon 
flcgrvJWton Wi^mon^^l These pincj lo col) 
raoipior^. Icadt09 miQrat,on pwrn-^js 
rsuiod xo rntegrin-mediaied signaling leading 
le qytoflkewial cnQngin caMflrng ecu 
mof cmcni. UnS, lamlnin 5. 



Bullous pempfiigpifl 

The rtucoim.nunc subcpidcinwl biisccrms; cJisc^sc 
knovrn as bullo^s pcmphisoitj is chsracccazed by dcpo- 
«.cino of ;»uco;»ncibodics :vc the basement mcmtiran« 
£Pnc. In !in experimental model of chis disease in mice, 
the blistering h mediiccd bv antiUuaiw difccccd agt^iftsc 
cKc hcmiJc>TTiu:»cim:il pruceiii BPlSO (collagen XVH), 
:ind dcpcads on complement activauan ancf ncufroiahii 
mfiUracioft. In concrys^ (o wild-type t.cccrximces. MMP- 
9-/- mice Wctc icsistanc tp the blistering cftcww in eh^s 
model dcspirc dcpo:iiFiun uf ^uto:,n(jUodics and ncu- 
crupbil rccruicmcol cqu.^/ule^v co than seen in wild-rypc 
mice [41). Whether M.\rP-9 directly c^^.cs Djiiiering oi 
aiigmcnt^i ncutruf^h)] cbsu>c: 4c-tivicy bv clegiadmg 
«nriiryps,n ciurcacly unknpwn 

Bmactiwity of ECM fraaments 

^^rotcol>t;caHy g«„cmccd ECM (q„d aori.ECMj fngmcrir:i 
l»3ve long bccii Engu;^hc co re^uUrc a di^cr^c arwy m 
processes in Cell b;olOi;v The .mpnuancc of chu modi^ of 
rc-u!at;on has been a rccuricoi chcme in zhz rcccnr ;« txi/fl 
scuclie* prcicntcct here. pU^muT fncrtrarcs MMP accivauon; 
plisn.inogcn frig.ncncs tan^iosucin and oshcr krinBic 
domamsj ^nd tolbscn XVlll fragment? (cnrinscatMi) mh»b- 
ncovascuhrizanon. while M\fp-9 *n^!uv:es Migto^enesis: 
claicln fragmcncs may fcje;ularc monocyte rci;ruiitincm in 
chrunic lnflanuT»aclon. 

Overaprcision of scrojnclyiin-i (\fMP-5) in mammary 
glands of tiana^cnjc mice nor only confirmed! ^hc expected 
rolcof NfMPs in mammary ^land branch.ng morphogcncs*^. 

Due uoL-jspcacoiv dcmon:.fuicd in cdditionii role in regu- 
larins post-pamim mammary ^land mvalycicn 142]. A series 
pf subsct^ucnt awdic:, cicmon:.iryccd rh..c cell conact with 
corrcci rji.i.c archiwctt.rc is crucial for cell homeostasis 



>nppre«wn vjf 4papio5i5. and mamtcaaucc of difTeicnuaccd 
pUcrtorypc (sec N Bnudrcau and MJ Bjsscli. pp b^Q^S^), 

U wa^ aJ.so rccendy fccofinued ihit cjcavragc of the i;,miriri. 
5 7? chm Dy StflsrinuSc A (MMP-2) exposed a cryptic sice 
wirbm hminm.. indu^rins mi^rat.on of nwlignanc Urease 
epirhelial ccljs This sci»dy sucee^nr^s cJ,jt loc^l 

ecinase cenccncr^Lioa nwy dcrcrmmc cell behavior 
Prq^colysw is required ru inicisite «nd s,».5t.in m.sracion. bm 
excessive proccqlysis inay dcgraae m^rns stgnals and recep- 
tors, thereby disnipcing cell macr.x incer:,crions .*nd 
mhjUirtng mij^atiun [rj W,ch icspcct ro cp.cJiiUaJ ceU 
.n»gr4c;on .n .lo^iviJ ivoqnd healing. Paries and co-svvrKcr:, 
l^4'J hypothesized that mrer^crion ut kcnuinocycc a2[ii 
mc^grln with native tvpc I coU.gcn ^n a provisignai uouad 
matrix mduccs colla^ena^c-l (ViMP-l ) c>,prcis»OM. By ck^v- 
mg collagen, the imtal h.gh -ammcy contact loosened 
rel«:i,nj; 1^;= cell. w^W, chcn .nigrgccH to 'gratV i.igu aif.nit^' 
Q2PI iniB^rui bonJi w.th undigested co|JagcA ahead chc 
gpen wound (F,;iuN- 1). |„clec:.l. }ccrut.npcvce$ can ,i*iyare 
oa native collascn but not on a collascnaic-fcsistantcoibgcn 
matrix [45-1. Sirnil-^rly, ,ii nbiobtasti, binding of Gbmnect.n 
fr*snicnii {bwc not mc^ct f.bionecfin) tp cza^l intc^m^ sig- 
nal* accvatqr protcn^J (AP-l)-medK.tcd induc'cjon of 
-MMP.i synthesis [^6J. Thu.. ECM provides an impprram 
mcciiaiusm for cells to commumcatc wid; thc.r c^mcmal 
cn^ironn;cnt. When ccUi are i,i contact witl, vhcir apprqpr,- 
acc, mtact ECM they are (juicsccnt (or « Ie:i,c pcitomr^ thcr 
normal funcuon*). hau-ever, cel( conc^itx ^.cu In^ippmpriace. 
altered, or disrupted ECM sets ,n motion a vaHciy of :*,gnal 
t^l»sd^c^^on pathways and gene transcription re^sulcing in 
maiiy ccuular rcsponsci wim cnc goal gf ttauc repair [47-). 

In ^ddifiof. CO MMPs. closely related metal loprotcinnscs 
termed aDaMs (a disjntegnn :md mec3l|oproreinase 
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dpmwn) Qfc w^sJl poiJj|0|ic4 pn ct>«f cell surface to rclwc 
qf -jjhed' a vafjcry-qf iffjpoywn c inflai^ w^ry ceil incdi*;;_ 

w»s 4xs«>vcrcd tbw hy^nwwic ncid MMP inhibitors pre- 
vented rdciic of Imcnt tumor ncctosis hem a (TNF) 
from monocyrc auifaces, and suDscquciuly the gene 
encoding the ic?pon5it>l«r piticeiruse, TAC^ CTNF cunvcr- 
use), oc aOaM-18, »is cloned. McQlloproicinasc^j ajso 
mediate shedding of L-sclccrin, fl.-6. Fa-s TNF receptor, 
and ■ variety of btlier TNF rcccpwf supcifwjiiW mcmbcx^. 
Additignaily, sigwfjcain: storcq of natrw fecund transform- 
ing giowh factor p my ilso be prprcoJycicsUy released by 
pl:ismin and perhaps MMi*s [48]- 

Conclusion and future prospacts 

Why ire mere 5g many MMPs? Overlapping but distinct 
subscracc spcx-ificirics and cqll-spec.fic expression suftgcsst 
poccnailly unique fwncrions, hue clearly □ vanery of MMPs 
arc csprcasctl diiridg <ScVclopmci\t perhaps ro compcfisace 
for pQCcnti^I loss of an individual MMP. Tbis fljvcrslcy 
wDuW i?»plain vuy rhc phcaocypcs of MM?-muoinc mice 
haiT been 50 mild with respect co dcvclgpmenc and other 
phyiiologic procesyc*. Alicmairivcly, MMPs may have i pri- 
mary funaion in icpatr and defease, and in maiufc tissues, 
rather rbaa s requisite funcrioa in moiphpgcnciis. Further 
developmental analyses and mice with muluplc MMf* defi- 
ciencies will help addrcfis this iss\)c In contnist, abcrr^pp or 
excessive expression of individual MMPs causes cfircain 
destructive diseases. Coascqucnciy, it has been easier to 
show th-*r deletion of specific, abnormally expressed MMPs 
prcvcncb disease onset Gi catcr understanding of iimiUvi- 
tica bct^iccn humans and mice will gutde racional medical 
chcrapy m die fwUifc- Ceue-torscicd mice will help invcs- 
ngacors aissecc tnolccular pathways and further oefina the 
role of proteolytic ECM (and non-£CM) cleavage p»oducis 
^ tcguUfPrs of gene tfinacripTTOn. wngioficsncsis, cell migra- 
tion, inflammation, and cell >yclc cqncrol. indcpcndcm of 
tranihqonai research aspcccs. 
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prouferaiion in and angioganose and lumor g^a^Ttl rn mvo. 

35. Bmnrn T. Poinman J. Brw-^ar T. Ofteillt MS: AnpanQiogenic 

» ^erap> or cxp«fim«ntal fMnser do^ no( Induce acquired qmg 

rv^srancc /Vstwo 19^7 39p 404-407. 
TraAvnent ol iM^g cell cofCinomax., T241 fiNosaicanuc^ mO BlC 

maUnoma5 m m-cc *itr. end3»iatin Tcsblicd in prolonged i^imof oormanpy 



No ftvg resljiWTCo documcd and dwm ■« no tumor recufrofiDi «rtvr 
s«nrrar cycV±s of repantpd Y^^en^^ 

"36 An44raan'|C,'€ri]pp buTOocHw AJP, X^cn^ Ba: Cofnoanaqon 
l^e^9pv ini4ud«q » gclP«W»d foWftl^ OSWwc agm 
roownft Ipcai fnv«9l«i and ffMieuWA df (Tiunne Unais fung 
earctnomp. QiW A»a 1 PP«. 90.-7lO^l 5- 



Htaiiamaki RD, jMxwrn DK» Saruor BK Bn^ptfo SO; Maompnage 
s raqi^ifod fbr i^lgimQP eirtoltcnnduciai cmpny«ama in 
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mA OQonow 1997; 277.2002-2004. 
This BniO^ Mpada ^nc 45 fear oM ^apBaa/anrhetaswao n/porhaafa tor 
VIC Bxthpgcnesis of cmph/sema. W*od»f macrophaga alaa»«*o plar4 4a 
:rignifiC3nr a mfc in jTr iftanan diaaaae « lew emw\. MMP-1 2-'' ffneo 
pfo«^e a mo<M lor macnipnaeo prowotydi^ demonsiraztfifl a cnijc^fiofa of 
matCropnagaa (n empivwn* *'^d tfnmaalcing a prvusinB5c^epenae«i 
mec^fsm tnttammwofy coli i^mivm^v 

3&. Senior RM. Gr'rtin G^ Mccham BP: OwmotDoic pcMty of dastm- 
ocrmid pepdaoa. ^ CA'n /n^nPBQ, 6fceSg-862. 

3g. hHnnin^nakP a^V. paviOwn JM. Ronpard S. Ssapi'd 3. GaooK 4E, 
Crysxsi ()G: Sa^n frpfiinenPi anroa macrophage prnwr«<vm to 
di^aasca spas |n pidmopBry cmphysenu. S&cnce 1 991 , 
212:926*927. 

40. SoniPf RM. GnT»n GU M«*wn RP. Wnn PS. Pi«gaa KU. U/ry DW 
V^)-Qiy-V8HUa-Pro-Qiy,a repaadvio pepPde In efaapn. ia 
ohemmacde iqr Abroblasis ano monocytes. J C^t Btot 1 984. 
99-870-974. 

^ V u.* 2, ?Npt«*y JM, ^- T. 2hP« X. La. Utorb Z. Senw Rm. 

(3o)3t)nas* a-qpfvoanc mice pic iv^^m ce psppf^meniaf PWIoms 
BPCmphigoi* ^ Aipd 1 M9. in prw 

42. Symplon Cj, -Titnouk RS. Aii9«andar CM. Cfun 4R» Cim SM. 
BieaoR MJ Taivdcod Qcpvesaion of s»Bfnoiysin-1 in mammanr 
gland pw*ide& Jof a role of preidnaao* In bran^^g 
n^rphogenes^ and 01* rBqwliwnonl for an Intaci paaamefn 
merTiprana for d»ne-^c;flc gene c?pic^|o#i. j Cc/f Bioi 1 99*. 

125-6B1-899. 

*3 Gtanndli Q. FftUpMarnHtor J. SdWsWi O. Si«>Tlar^?ccrtfon WG. 
Quarama v: Indhiction of migr^Con py fnath< mctairoprooc^sc- 
Z Clea««go H^minin-S- SooneM 1097, 277:S2S^B. 
ThiS arvicte domonacralcs Ifa 0fe«encB ot pro-moiaily oypbc a«es of Um.nm 
•pociftc tor gelaqnaao >*- TTiia an^y and Cl •uggoat inai io«j prw<i/wsfi 
cqneantraHon and mion* dagriidwion dotcrmin© cdl i>cha-»or 

44 SMdback BO, Rtt7\Br BK, WoMus nG. F^nta wvC: Indyciion an4 
rooresston of cstlagenpse-l MiPUnocyip^ is convoflcd py 
aiaanct cDmponema of dirfe«eni estracefiijlar mairU 
cvnpflrtrrtema J &'tai Cncm 1 SSZ 272.22109-221 10 

Sec annowron tq (45-|. 

45. Piicrier BK, DMn>.n J A, SucjImcIe BD. Krana SM, Walg^i HG. 
• Pa/Vs ivc Tha acTivR> of opllagana$B-t is raqhicM ror 

kDraAnocyra m^grsTiOn on ? typo | ^lUgen q^ainx. J Q<n Siioi 

1937 1^7.1445-1457. 
Tris Pt«|«rvncc rin<4 [44"J bwiW -» »t<»f> o* bo*. wcr-Tinoti/^c in[cT<iciron ti 
oolugcn >n * pToir ston^ ^ound mam* «n!TOt« rcr^coitrvcMi^ai.op. 

43. Trsmbln P. 04m»Ky C4-I Wcm Z. Cornponants of ttio nudw 
signaling cc^sc^d* mat ragiilato collagon^ao sanv a«prc$$4ori .n 
fcwionsie lo inipgnn-donwed signa)*- J Ccft ©loi 1 995. 
129.1707-1720, 

47. Wcrb 2. £CM and (=ell furtvce proteolysis: Rc^ul«cirv9 ccflwUr 

ecology- C^n 1 ^97. %\ »3g'*«*2. 
Tnts »5 irt eict7Htfii m*ifiw nighhgntng hO*t potwrtyS'S "mrr»s »i ce.l 
SMttaoi- «nituancd^ a w9;<ei> a! call n^ncitorw . 

48 Mwngvr Mflfipei JG. Glaiioa P& Ua^zjeri R, INunea i. Rifltji OB 
Laicni n^nsfarmins 8T«wtn faoorPew cimccural fooi»»rca uno 
mecJianlsma onoci(<«llon. Krtlnc/ /nr 1 997, 91 il37$-l3B2. 

49. noh T. iK«oa T. Gonn n. Naiuio S. Suzuki T Ronara S Una^mrea 

sacTvpon of ^m#iwa pnswrw p»o«cin m g-ladnas© a (MMP^- 
dcRcient mice. J BiQf Cncm 1997, 172:22383*32392 

50 Mi'dgoR jS. nuw»»in4on isi. Cnanrajn na, Fpraytn a4. McOonncii j, 
SmOL-r 11, &:rfr*c El^, ftunagan J, KtfWKa 9ncn CP er ^r.: 
^utKcpupill^ QT 9iromci]Rin Impendent mice co cQiiflgon-inouceo 
armnpB and carniagD nesmiction^ Afmrif^ ^nawn 1 908. 
ai .11 0-131 

5i . WJ4 X H. 9ymo u. Jattra!> j. lKran» S, ^aema«rt R: A urg««d>d 
fT^4tad0n ai uic anor^ eotlagpAasd Ocavapc »lo m i^omsc v^pe j 
fxiltagen impaics ijssua remodolaifl- ^ C<t/f 1 1 30:227-237 
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83. 



Uuiflffo-J. Wia M: Roles of Afmaodio, a pm9opHil9 cwwnin, 
S4 



rii me oci'Vtqpfnen; of TTt* e«rt»at rwiVQufi aycscm Qt D/Qfopt\lm. 

a4. Murm PJ, SfiBrtu A8. Konm* V. PnAcr Qn^n H. Vogcbtein B, 
« lOrw KW; Acg««ilon pf p^er^n Tst-»»«n<Ulng In colon carw b» 

rnuuHon^ HI (hcaicnin or AP& ic«/>CQ i f)Q7, 27S;i 767-1 7go. 
Thi •iu0> 4emoiwVfliicn iftti m csrtajn colon cufCinonvi can (mfw wc ie<l 
o( p-c9taviin la ei^iwa owing \o muUlion* on antmcMfrrmtna) s#*^n« 

Swch mwunt ^-C4{tonn morccules are inaavm^ \o aaenprnuvMo 
po^pqas cq(i lApCj-direci^d Oe9fMat'.On or P'catenm and tHc 

sp^ific raclof fTCO-^-c^tanin complex in egcft cell (ipcs ie ooi toftiDnod 
by transleciao APC. 

B5 |CQ^n«K BacKcT (S P, Mvnn J , on Wichen D, <J(t WWbger R, 

4cbW««iQrt tif « f).Ga(DOin-Ter cQinpl^v m ApC '' colon eananofna. 

ScwnswlW 275:17841757 
Thi= :iMt>^ cnov^ iriAi ihwe te CQnsTtiwit-c p-caiiniO-Orivan uPP/TCF- 
dfitpQnd^nl u^n^^t^aiion in a<iQnam&TOM« pQiypos's ccii (aPC)"'" 
cojchi qarcjnqma cell Iiftc^ and transtcciion pf w,jfl<^8 APC c>n blocK 

Bfl. RvbintdM e. Ra(at»(ns p. Q-Cwnil M. Alfetri I, Foffm E, Po|a>Ja P: 
" SMtotfZBiiBn or ^^t^nin Dy ^enQd^ aurocts m melanoma con 

T>i» >9 ific Jiftil Qcmgnctr^lioo h^ijuan melanoma ot mcrcasad p^eaienin 
)e>cia oinng oiinfir (q maiation> in (he adonoinatoutt poijposi$ coli (APC] 
9»ne or to mwlaitonK m U»e artKno-wmi'nal Sonne re^idwc? of p-caTanm ih«t 
phcMtphpryfaT94 (ly glycogen *ynTrmr.B kinado Sp and ihai 0r« impoaafir 
tor VDk regMUr.on pf p-canflmn o»grafl»tigiv a^AipOn, insa^ ccfi^ w<cre 
anown to eomiMn conM.ioii-e |J-caion.n-iympnoid ennanccr bindrfig facior 
tt6F)"l compter, dwgge^ting trwi ihe^r a>fB mwotwod in Iwrner 
progression in mc;4nerna' 

S7 P«|cf M: I^Kiawnin as oncos^n^: 5mo(s,nfl sua Sconcw 1 997. 
• 275:1752-1753, 

Th>5 rc a i<«fy aRrvctftrcty ^rincn rr*ics- 9n ihe impoR^nl Drcanlhrougft 
proconteo in Ifl4--B6'") eugge$.Ting ^^ac |i-CBi«nin can »ci » w oncogene. 

3fi. TsuUmota AS. G/oaacnoai R Guon;(n RC. P^relpw T, VftrmuS ri6- 
Exprcspsjon OT Oic .n oans^anrc mice i» 49»oGiste4 «nh 

mainniafy 9ia>i4 nypvrpm^m and adcAocBrQnqmas ^n ma^ and 
TomatB miCc; Cc// T 988, 59:51 9-^25 

89 wnlicncaa i. K rk H, »*ay R Eapro4Sion qomnq or onep9»no* by 
retrovira) UBn&Ter of cDNfk I,briif1es Mo/ C^n B,zn isd6, 
15.704-710 



BO. .R.«»inN»q A Albert I. f^f« R MunomnsM S, P«»Wta5 p; 
• ^Xftn\n lesuMlen ^ mc APQ «4inor supprBe:>or pio^n 
pq?yelPTTO %fW IPM of ffUuCMte due to cmmmQ W soma^fre 

TNfl nuqy fikTP«»aiialc« »nc winiw*: mHtsttiora m afl«nomiiouB 
pu{ypc9i5 GQt (ApCj 99«n -m r»«n»n colon eancsrs irta^ ckouared irT^ 
narm r«gMin ot ifta g«nc arc localied on (ha aPC mobcmc m « 
domain M 'i» maponaibie tor n»*.tav.ni ihe ttnaofl ^ dosradation Qf 
p-caimin. »MggosB>g nml (in* aia * «c|«icd for dunng (vmor pnjgnaaion. 

91 SnfIcA Mpnn P). VpQdsioin 6. Kinaar icw; MwUrjenal 3nai»si( 
of tfta APC;/^Mnip/Tcr paffiwQf in colorecCBl «nnccn C&occr 

Ji d»<8 ifudj^ inc ^t^Of^ mx^pa iw poasiblc mwlattona in ihe Qcmes tor 
Miwin, amwU^iS polypdiM col. (aPQ and other componenia or irw 
Wni pttTr«<^y in colon (^ncen« and founq miiwiionc m aitnar ^"oajflnio or 
APC. bwl not olhcr knqwn componcnis of the pamwaj. "n^ae^ mmaiions 
' were rnuMly e»c|ii8Bf« (eitfter m p-€ai«n,"o or tn APC) «n4 chwb oauivaicni 
since boln alfeci siabiRiy of p-c^rsnin Ttihi funhor awpporis inc ro|o of 
cnan^ in ^T^uvnm st^Jsil^ in colon cancer. 

93, Zi«ra«r»| RH. Qiippa^A. Aficn C, Raft)M>i C Sporadic 

« moab(|0M«»Am» contain oncogftnrc fi-c5|tpnrn mutaCons 

Cancer Rfts 1 pg^, 68:896*899. 
Sc^ annotation lo 

93 Paiacio* J. Ganialid C: Uuianons in U*o ^leptrv gene (CTn nBi ) 
« in cndoffdEfoid otarian cafnnamaA> Oaticar Rut i e^g 

Sa^i 344-1347. 
Soo onnoidtion (o (94'!- 

sa. Ttmanawni m. Fu^q^ K, Su^,m»m T. wvatuabwyoahi K. ^atcnin i» 
ftasij^hr mwCoiQd and dononstraies aitKirra cciiutar locQdon m 
a^oAymcuvQne-ipq^cod fatcoion xumors, Cancct Res T99a 
58:42-46. 

T^i» tf^gdy and (Ite onq» in ia3-.93-J dcscnte mwUTion^ in ma ttrnmo 
icmiiflws o( rftc p-caienip gane ttiai ha»c beon i:ho»«n w b» responsible for 
fog-being the wafirfiry of J-c^tcnin .n omar cypaa ot cancer, m sdoitiwi 
colon caflcer [B^-.aSTSi"] and meianofna [86--]. swogwtmg sucn 
fflwtaiions msj pMy a rain «n (wmor proBrei&on tn a ijifg^r >«.;aEy of human 
cancvrs itpn prpwroMsiy rBcognaod. 

85. Aba<1a H. SicrUmp C, Torcrwd 0. Seroya 0. Vwagcncr T, ,Nan f . 
W;r5cn.nfl J. HatdhwDpei- C. Moma^na M. L^(Ji KT Ldnair GM er 3/ • 
The r\Mman piaHoQiobm gw )ocai;2o:E on cniomysorrfo 17q21 
and i5 supi'ea bloss ot haufoawosity in Drcasi and o-orlan 
cancBT. Aoc iM^f/ ^cAtf uS<4 1 das. 32:6384-6388. 

96. viommciw KL, Vafcoci ^ Mwtf.;»l M. Flans vy. van Roy p. Qen^tfc 
manlpMfVdon of Q-cadnenn Ckorcvsion oy cpfqieh'at mrnor cplfs 
r&rrais an invasion st^ppr^saor roi*. Coa 1 99 1 , cs 1 07- 11 9. 

67 0uifiona lC, Noinmi^n C:^»Jng lS, u«*ine Aj. gxprcsslon of a 
Wild type a<aten(n protem .n cchs «ri9i a mwfanc owaiTenm ganc 
resiores Oott* 9ri>«cn /vc|4jiation ana Oimor auppi^ssion aai«>tc= 
M9lCe/^B,o^^Q97 17:4501 -4&oa. 
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